Water bodies located in coastal areas are subject to human pressures and the loss of environmental quality. The objective of this study was to evaluate the environmental quality of the river Papaquara through water quality and river landscape, using the Trophic Index (TRIX) and Rapid Assessment Protocol (RAP). The study was developed in the watershed located in the north of the island of Santa Catarina, Florianópolis -SC, whose population increase in the summer is around 280%. The Trophic Index and the Rapid Assessment Protocol were evaluated in the pre-summer period, summer and after-summer in seven sample points along the inner areas (higher population density), median and outside the Papaquara river, plus two points in affluent. The river Papaquara showed up in great stress state, is classified as eutrophic, 77% of the samples and changed in 50% of the sampled area, as the TRIX index and RAP, respectively. The internal area registered up eutrophic and impacted in all periods analyzed. The median area and the outer decreased their water quality, due to summer activity, while there was no change in environmental quality by RAP. A significant correlation between the indices used indicated that the RAP should be used with caution to describe the condition of water quality. This analysis has submitted be more appropriate when used in river scale as a whole, but not isolated segments.
INTRODUCTION
Worldwide coastal zones cover 40% of the population who live less than 100km from the seashore and those areas are under persistent demographic, economic and ecological pressure (STATHAM, 2012) . The coastal river basins show high environmental vulnerability and significant anthropic interventions. Anthropic activities insert nutrients into the aquatic system from point sources (canalization, discharge of domestic and industrial effluents) and diffuse sources (fertilizers, domestic effluents and superficial outflow) which contribute to the eutrophication process and degradation of bodies of water (BRICKER; SIMAS, 2003) .
Eutrophication is the result of the excess of nutrients in bodies of water and it favors the increase of phytoplankton biomass and proliferation of aquatic macrophytes (CHAMBERS; PREPAS, 1994; BALDY et al., 2007) . The decomposition of this biomass promotes the decrease in the dissolved oxygen concentration in aquatic environments, which results in a decrease of water quality and the reduction of aerobic organism. The eutrophication has become a global issue and it occurs in lakes, rivers and seas all over the world (RABALAIS et al., 2009) . The researches involving the eutrophication of aquatic ecosystems aim at estimating the trophic state by the application of water quality and environmental index, i.e. by the development of applications methodology available to researchers and environmental managers (CUDOWSKI, 2015) .
The environmental quality is not restricted only to the ecosystem because it also involves the human activity which has consequences into habitants' lives (BOTELHO; SILVA, 2004) .
Quality indexes for aquatic environments analyze the structure and operation of the ecosystem, based on parameters of easy perception and simplified usage. This research uses the Trophic Index (TRIX) to characterize the trophic state and the Rapid Assessment Protocol -RAP to analyze the quality of riverine environment. The measures used are examples of qualitative and quantitative indexes, respectively.
The TRIX was developed by Vollenweider et al. (1998) . This index is based on the aggregation of biological (chlorophyll-a) and physicochemical variables (oxygen and nutrients) to characterize the trophic state of the system. Those parameters are important for planning and management of coastal areas because they show the biological entirety of water. This index has been applied in Brazilian and European coastal areas because it shows the current dynamics of the aquatic system (VOLLENWEIDER et al., 1998; COTOVICZ JUNIOR et al., 2012; SILVA et al., 2013; TAVARES et al., 2014) .
RAP is an empiric analysis of visual-inspection, created by Plafkin et al. (1989) in the United States of America as a qualitative evaluation method which provides data about aquatic life and the quality of bodies of water, as the presence of vegetation and the diversity of habitats. In Brazil, RAP was applied for the first time by Callisto et al. (2002) in aquatic environment in Minas Gerais and Rio de Janeiro. The indicators compiled by RAP are qualifiers of the body of water or relevant phenomenon that shows and evaluate the environmental conditions (KANDZIORA; BURKHARD; MÜLLER, 2013) , as the existence of riparian vegetation, solid waste and pollution point sources along the river. RAPs can be used as a way to make decisions that affect directly the environmental quality of the body of water because of the character of its ecosystem (CALLISTO et al., 2002) .
The evaluation of the quality of a body of water cannot be determined only by the water quality, but actually by the physical conditions around because it allows the comprehension of its real conditions (RODRIGUES; CASTRO, 2008) . The analysis of the changes in the usage and the ground cover in coastal river basins, when associated to the water analysis of limnic and marine medium, is an important tool to comprehend the changes caused by anthropic activity in different spatiotemporal levels.
The environmental stress caused by the eutrophication is potentiated during summer period because of the population increase in coastal watershed. Florianópolis, located in Brazilian Southern, is an important touristic city during summer period. The watershed is located in the North of Florianópolis and the tourism causes the increase of the population in that area. Despite the natural attraction of its beaches, the treatment of domestic effluents is still incipient because only 46% of those effluents are treated in Wastewater Treatment Plant (WTP) and the remnant part is thrown into bodies of water (TRATA BRASIL, 2008) . Considering this situation, this research aimed at analyzing the effects of population increase during summer period into the Papaquara river and the results of this pressure into the area and in the trophic state in the body of water, which is a coastal watershed. To do so, the environmental quality indexes TRIX and RAP were applied and these qualitative and quantitative tools can support the environmental management in a simple and available way.
MATERIALS AND METHODS

Study area
The Papaquara river watershed is located in the subtropical region (27°26'31,03" and 27°28'6,43" S; 48°25'4,42 e 48°29'58,77" W) in the North of the island, in Florianópolis city -SC (Figure 1 ).
There are 30.899 habitants living in the Papaquara river watershed, which is an area required by the tourism during summer period, and in this time of the year the population increases about 280% (CAMPANÁRIO, 2007; IBGE, 2010) . The internal area of the river receives effluents treated through a secondary way, arising from WTP of Canasvieiras, through an artificial sluice that flows 3.600 m 3 /day. The highest urban density of the island is located in this area, and the density decreases toward the river mouth and ends in the beginning of Carijós Ecological Station.
There is remaining flora from Atlantic Forest in the watershed area and it is composed by vegetation in initial stages of regeneration (capoeirinha and capoeira) arboreal sandbanks and mangrove, and the latter is protected by Carijós Ecological Station. However, the biggest part of the riparian vegetation was suppressed by straightening, pasture and landfills because of real estate speculation (PORTO FILHO et al., 2012) . The Papaquara river watershed is located in an important area of protection and reproduction of endangered species, as Neotropical otter (Lontra longicaudis) and broad-snouted caiman (Caiman latirostris) (CERTI, 2010).
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Sampling
The areas were determined according to the urban density in the watershed and three areas were considered along the Papaquara river: the internal area (sample points 1 and 2), median area (sample points 3 and 4) and external area (sample points 5 and 6). A sampling point was defined in the Palha river (P), in the Canasvieiras WTP channel, affluents of the Papaquara river which is a possible sources of nutrients, and in the river mouth in Carijós Ecological Station were analyzed (Figure 1 ). Considering that summer period begins by the end of December and finishes in mid-February, the effect of this period was investigated during three sampling periods. Each period was sampled in three different periods: pre-summer (PS) from October to December/2013; summer period (S) between January and February/2014 and post-summer (SP), between March and April/2014, which results in 9 sampling and 81 samples.
Water quality analysis and TRIX
The samples were collected at low syzygy tide, when inland waters had the most significant performance in the system. The surface water was obtained using plastic bottles which were previously cleaned in the laboratory and fixed to a 100cm (~40 inches) clipping stick. In areas underneath bridges, the water samples were obtained using a Van Dorn-type plastic water sampler of horizontal closure. The samples were preserved in thermal boxes with ice and protected from the sunlight until the processing in the lab.
The salinity level on water was measured in situ using a thermosalinometer (YSI EC 300). The concentration of dissolved oxygen was evaluated by Winkler method and the water obtained, in situ fixation, preservation, analysis and calculus were developed according to Strickland and Parsons (1972) . In this work we applied the Apparent Oxygen Utilization (AOU) that provides the evaluation of consumed oxygen concentration in the water column, considering the presumable difference of saturation from the sample and the in situ measure (VOLLENWEIDER et al., 1998) . In the laboratory, the water samples were filtered according to the procedures described by Strickland and Parsons (1972) , using microfiber filter of 47mm GF-5. After the filtration, the samples were frozen at -20 °C.
Dissolved inorganic nitrogen (DIN) is the sum of ammoniacal nitrogen (NH 4 ), nitrate (NO 3 ) and nitrite (NO 2 ) and they are evaluated by colorimetric methods, usual for salt water and brackish water. The total concentration of ammoniacal nitrogen was quantified by the indophenol blue colorimetric method, method application range from 0.7 to 560 µg.L -1 (GRASSHOFF et al., 1983) . The oxidized inorganic forms of nitrogen (nitrite and nitrate) were quantified simultaneously. The nitrate was reduced to nitrite through the amalgam cadmium/copper (GRASSHOFF et al., 1983) . The nitrite was quantified by the colorimetric technique based on Griess reaction with sulfanilamide and dihydrochloride with method application range from 0.14 to 280 µg/L -1 (GRASSHOFF et al., 1983) . The orthophosphate, dissolved inorganic phosphorus (DIP), Application of ecological indicators in coastal watershed under high pressure during summer period was quantified by molybdenum-blue colorimetric method, method application range from 0.3 to 870 µg.L -1 (GRASSHOFF et al., 1983) . The samples which concentration exceeded the method limit were diluted appropriately and the concentrations were corrected by the dilution factor used. The absorbances were read in a double beam spectrophotometer Hitachi UV-290, from calibration with solutions certified by Merck  (GRASSHOFF et al., 1983) . The phytoplankton biomass (chlorophyll-a) was quantified by fluorimetry (Turner Designer-Trilogy Fluorometer) (STRICKLAND; PARSONS, 1972).
Trophic index -TRIX
The Trophic Index (TRIX) classifies the trophic state of coastal areas in ultraoligotrophic (<2), oligotrophic (2-4), mesotrophic (4-5), mesotrophic to eutrophic (5-6), and eutrophic (6-8) (COTOVICZ JUNIOR et al., 2012) . The data of superficial water analysis was applied to Equation 1, described in Vollenweider et al., (1998) , to stimulate the trophic state of each sample point:
In this ); the k coefficient is the sum of the minimum limits of the variables and m is the log range of the variables.
Rapid Assessment Protocol -RAP
The Rapid Assessment Protocol (RAP) was applied in each day of collection in each sample point. The RAP used was modified considering the protocols applied by Hannaford et al. (1997) , Callisto et al. (2002) , Looy et al. (2006) , Rodrigues and Castro (2008) and Brinson et al. (2013) , in order to adapt the variables to the characteristics of the study field (Table 1) .
The RAP modified in this research characterized the environmental quality of the riverine scenery by the urbanized area, by the presence of aquatic vegetation, of riparian vegetation and solid waste in the riverside and by the change in the morphology Silva et al.
of the river, and more variables. These descriptors are important for the management of the environmental quality in coastal watersheds (KANDZIORA; BURKHARD; MÜLLER, 2013).
The final values of the RAP were obtained from the sum of the values attributed to each parameter, according to the conditions found in the sample point on the collection day: impacted area (<25 points), altered area (>25 points) and natural area (>50 points).
Data processing
The permutational multivariate analysis of variance, PERMANOVA, was applied to the results of TRIX and RAP indexes to test if there was a significant difference between the areas and the sample periods. The analysis was constituted based on Euclidean distance matrix, generated with normalized data and applying 999 permutations (ANDERSON, 2001) .
The principal coordinates analysis (PCoA) was used to visualize the square matrix, describing the similarity or dissimilarities between variables and areas and the sample periods (LANDIM, 2011). The PCoA was applied with Spearman Rank Correlation Coefficient p>0.05, using PRIMER software 6
 . The analysis of simple correlation was elaborated to investigate the correlation between the indexes generated by TRIX and RAP, with the help of R software, version 3.1.2 (R CORE TEAM, 2015).
The urbanization patches and aquatic vegetation in the riverbed (macrophytes) were determined with the help of Quantum software GIS 2.8.2 (QGIS DEVELOPMENT TEAM, 2015), considering the orthoimages of the study area (IPUF, 2012) .
RESULTS AND DISCUSSIONS
Urbanization in the of the Papaquara river watershed
The urban patches in the Papaquara river watershed represented 22% of the total area, which is 32km 2 . Consonant to Arnold Junior and Gibbons (1996) , the watershed may be considered impacted, when the urbanization occupies from 10 to 30% of its area. In the Papaquara river watershed, the median area covers 15km 2 (47%), the internal area covers 12km 2 (37%) and the external area, 5km 2 (16%). The internal area showed the biggest patch of relative urbanization: 51% of that stretch was waterproofed because of this occupation; in the median and external areas the percentages were 8% and 2% respectively. Because of the urbanization projects in progress and foreseen in short term, the internal area of the Papaquara river will increase from 51% to 87%. The urban watersheds suffer imbalance because of the anthropic occupations and the missing of appropriate basic sanitation, which makes it more difficult to recycling and nutrient removal (BREGUNCE et al., 2011) .
The domestic wastewater treatment in the watershed area covers 39% of the residences and the rest is connected clandestinely to the rainwater drainage system or use cesspools and sinkholes and this affects the shallow water table. The temporary population of summer period triples the number of residents in the watershed area and it increases the consumption of potable water, which may overload the Wastewater Treatment Plant (WTP), which efficiency in total phosphorus removal is 30% (FATMA, 2009 ). On the other hand, the temporary population is responsible for the increase of local economy, and the revenue generated by summer period tourism in Santa Catarina was approximately 3 billion reais from march to january, 2013, and Florianópolis city was in second place in the national rank, with 18% of the international reception (BRASIL, 2013; FIESC, 2014) .
Physicochemical characteristics and concentration of nutrient in the Papaquara river watershed
The Papaquara river is located in a microtidal area, but, even in low tide, the salinity above 0.5 psu was found all over the sample points through the river. The values above 20 psu were identified in the outermost points of the river, and the maximum value of 32 psu was found in the second sample of summer period, during the flood current ( Table 2) .
The lowest salinity levels were found in the Wastewater Treatment Plant (WTP) channel (0.4±0.1 psu) and in the Palha river (0.1±0.0 psu), which are affluents of the Papaquara river, and those values were observed during all the sampling periods (Table 3) . In summer period, the salinity was, on average, higher in all sampling areas, varying from 1.4±2.2 psu in the internal area to 20.9±11.8 psu in Ecological Station. The salinity in each sampling area was similar in pre-summer and after-summer periods. The dilution of internal waters by the incoming tide is important for the maintenance of water quality that receives discharge of effluents (ARAÚJO; MELO, 2000) . This condition was higher during summer period, indicated by the higher salinity level.
Although the most evident effect in marine water had occurred during summer period, the highest percentage of Apparent Oxygen Utilization (AOU) occurred in this period, from the WTP channel (97.2±4.9%) until the median area (87.5±11.8%) and in the Palha river (80.9±29.9%). Only in the external area and in the Carijós Ecological Station, the AOU percentage was lower in summer period in relation to the other periods (Table 3) . 88,9% of the samples from the Papaquara river were in hypoxia during this Table 2 . Variation of the height of the astronomical tide expected and the salinity between the sample periods. Minimum and maximum salinity values along the river, internal area (I) and sample point of Carijós Ecological Station (CES). Application of ecological indicators in coastal watershed under high pressure during summer period research. The waters that presented <30% of oxygen saturation or >70% of AOU indicate that the aquatic environment may suffer modifications as: decrease the extension of the habitats, mortality of the organisms, decrease of the biodiversity, change in the trophic structure and modify in the functions and services of the ecosystem (VILLATE et al., 2013) . The low oxygen saturation may occur as a result of the excess of organic matter, from domestic wastewater or generated by the eutrophication, associated to the low hydrodynamics and renovation of the water (BRICKER; FERREIRA; SIMAS, 2003). The water bodies that receive residual water from domestic effluents show high concentration of P (WITHERS; JARVIE, 2008). The DIP concentrations were at least one order of magnitude higher in WTP channel and the maximum was 4.213.4±631 µg.L -1 during summer period, when compared to other sampling points, during all the periods. The lowest values occurred in the Palha river, where the minimum was 17.7±7.7 µg.L -1 in pre-summer (Table 3 ). This result corroborates that the population increase during summer period overloads the WTP Canasvieiras, which affects its efficiency in phosphorus removal. Considering that the biggest influence of marine water occurred in summer period, along the Papaquara river, it reinforces that the population increase caused the modification in water quality, which already is impaired because of the pressure from annual residents.
Period
The DIN concentration increased along the river, and the minimum concentrations occurred in Ecological Station water (506.9±28.1 µg.L -1 ) during pre-summer. The DIN concentration above 1.500 µg.L -1 occurred in 50% of the samples in the Papaquara river. Smith, Tilman and Nekola (1999) pointed out that eutrophic environments show concentrations of TN and TP higher than 1.500 µg.L -1 and 75 µg.L -1 , respectively. In the Papaquara river, those concentrations were observed in the organic fraction of TN and TP, which is the most bioavailable fraction.
Biomass (chlorophyll-a and aquatic macrophytes) in the Papaquara river
Despite the high concentrations of DIN and PID nutrients along the Papaquara river, the concentrations of phytoplankton chlorophyll-a were low when compared to the concentrations of 2.7 µg.L -1 found in the North Bay of Santa Catarina, SC (SIMONASSI et al., 2010) ). On the other hand, it was observed the increase of aquatic macrophytes covering the layer of water, in the internal and median areas of the Papaquara river, during and after summer. The superficial water that receives high loads of N and P from domestic effluents, stimulate the growth of aquatic vegetation, which challenges with the phytoplankton for resources, as sunlight, which is not limiting the growth of macrophytes that grow in the surface of the water (CLOERN, 2001; BIANCHINI JUNIOR, 2003) .
The presence of aquatic macrophytes in the internal and median areas of the Papaquara river, as the Salvinia auriculata (ear's mouse lettuce), Pistia stratiotes (water lettuce) and Eichhornia crassipes (water hyacinth) was favored by the entrance of nutrients, light incidence, lack of herbivorous predators and anthropic changes, as drainages and straightening of the water channel (MUFARREGE; HADAD; MAINE, 2010). In the internal area, it was observed that 51% of the layer of water of the Papaquara river has been lined by aquatic macrophytes, 26% in the median area and the external area didn't present this vegetation, when analyzed through the orthoimage (IPUF, 2012) . The aquatic macrophytes filter the nutrients of the water column, according to the research developed in the river Mogi-Guaçu, where was found that 71% of the Table 3 . Data used in TRIX (Trophic Index), dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), chlorophyll-a (Chl-a), apparent oxygen utilization (AOU). Internal area (I), median area (M), the Palha river (P), external area (E) and Carijós Ecological Station (CES). In the pre-summer (PS), summer (S) and pos-summer (SP) periods. Silva et al.
Area
nitrogen was tied in the biomass of the macrophytes and 29% was available in the water column (NOGUEIRA; ESTEVES, 1990) . The macrophytes are largely used in wetland systems of domestic effluent treatment, because of its efficiency in the absorption of phosphorus and heavy metals (MUFARREGE; HADAD; MAINE, 2010). However, if they were kept in the system, the macrophytes would offer these nutrients to the environment again when they die, which increases the eutrophication process and favors the oxygen consumption (BIANCHINI JUNIOR, 2003) , according to the results of this study.
Trophic state of the Papaquara river and affluents (Trophic index -TRIX)
The Papaquara river and affluents had 77% of the samples in eutrophication state. The WTP channel, the internal and median areas of the river and the affluent of the Palha river were in eutrophic state during all the periods investigated, with the TRIX above 6.0 (Figure 2 ). The external area was classified as: mesotrophic to eutrophic in pre-summer (5.2±1.7), and eutrophic in summer period (6.7±0.6) and post-summer (7.1±0.4). The Carijós Ecological Station point was classified as oligotrophic (2.0±1.8) in pre-summer, becoming mesotrophic in summer period (5.7±0.7) and mesotrophic to eutrophic in post-summer (5.8±1.1).
In the Carijós Ecological Station point the eutrophic state was observed in 21% of the 48 measures done in the Papaquara river, between 2005 (SILVA et al., 2013 . In the research developed in the estuary of the river Potengi (RN), applying the TRIX, the influence of the superficial outflow of the drainage basin, the sum was an important coefficient for the water quality (TAVARES et al., 2014) . The urbanization, the salinity and the TRIX along the Papaquara river watershed pointed out that the internal and median areas were more vulnerable to the entrance of the nutrients via domestic effluent and via WTP, which causes the degradation of the water quality. In addition, this effect spread to areas further than the point and diffuse sources, reaching the external area and the Ecological Station. It is important to maintain the monitoring of the water quality of the Papaquara river to comprehend the effects of the anthropic (i.e. entrance of nutrients by the urbanization) and natural agents (dilution of the waters by the sea) are affecting the system and the surrounding area, including the area of environmental protection.
Environmental quality of the watershed of the Papaquara river
The application of the RAP along the Papaquara river pointed out that 50% of the sampling areas had changed (>25 points) and 16% were impacted (<25 points). As observed by the TRIX, the most significant changes were registered in WTP channel, which was impacted in all the sampling periods (Figure 2 ). The internal area was impacted in all the periods analyzed. The medium area and the Palha river were classified as changed in all the sampling periods, while the external area and the sample point from the Carijós Ecological Station were classified as naturals (>50) in this study.
The Papaquara river showed high environmental stress level, according to TRIX and RAP, and more than 50% of the areas were eutrophic and modified. Vargas and Ferreira Júnior (2012) applied the RAP index, proposed by Callisto et al. (2002) , in two watersheds in the state of Espírito Santo, where they observed that the areas that suffered high changes caused by the usage and occupation of the soil, suffered loss of environmental quality, without significant changes in the water quality. In this study we observed the opposite, the external area and sampling point of Ecological Station presented natural conditions according to RAP, but the water showed signals of eutrophication in the period of higher population pressure, during summer and in post-summer (Figure 2) .
Considering the orthoimages from 2012 (IPUF, 2012) and research in loco, it was found 37% of riparian vegetation which was composed by secondary vegetation and exotic vegetation (Pinus sp.) . The median area showed 68% of the riparian vegetation, and the rest of this area was suppressed by irregular occupations Application of ecological indicators in coastal watershed under high pressure during summer period and pasture. In the external area, it was observed that 71% of the riparian vegetation was composed by mangroves and saltmarshes. The riparian vegetation and the wet areas are environmental quality indicators in RAP, because they are landscape components and they contribute to the cycle and retention of P and N, as observed in ecosystems of other countries, as the United States of America, Canada and Europe (RANALLI; MACALADY, 2010) . The mangrove and the saltmarshes are considered "chemical reactors" because of their physiologies, the biogeochemical processes and the active influences in the nutrients mobility (SILVA et al., 2007) . This vegetal covering prevents the erosion of the riversides, the silting of the riverbed, the habitat loss and flooding in riverine areas (MINATTI-FERREIRA; BEAUMORD, 2006) .
The Papaquara river has a very low declination, i.e., from 2 to 6%, which slows the layer outflow of the water (SOCIOAMBIENTAL, 2004) . The marginal inclinations were exposed because of the suppression of the riparian vegetation. The river had several straightening areas that contributes to the leaching of the sediments, which are carried to the riverbed and accelerates the silting process. Those conditions favor a longer period of the water into the system and it weakens the system to the entrance of nutrients and pollutants (NEAL et al., 2008) .
Despite the Brazilian environmental law for the protection of Permanent Preservation Areas (PPA), in the Papaquara river they have been replaced by exotic species (Pinus), pasture and urbanization. The suppression of the riparian vegetation, including the mangroves, reduce the quality of coastal water and changes the ecosystem services, including fish and crustaceans (LI et al., 2014) .
Integration Index TRIX and RAP in the analysis of the environmental quality
The variable analyzed by RAP offered by a simplified vision by the environmental quality of the riparian landscape. This characteristic of the RAP that provides a qualitative analysis allowed a good correlation with the TRIX, which uses quantitative values. The TRIX by the water analysis pointed out that 77% of the samples of the Papaquara river showed eutrophic state and the RAP characterized that 49% of those sampling points were modified and 16% were impacted. The correlation between the TRIX and RAP indexes, when analyzed amongst all the sampling periods, was significant (Pearson's method, r: -0.50, p: 0.00, df 1.79 : 26.02). The reverse correlation was associated to the fact that the highest value of the TRIX and the lowest RAP indicate the lowest environmental quality. In the correlation of those parameters by sampling period, only in pre-summer (r: -0.66, p:0.00, df 1.25 : 19.74) and summer period (r: -.057, p:0.00, df 1.25 : 12.24) these indexes were significantly correlated. However, in the analysis of the area and with all the data of the sampling periods, only in the internal area the TRIX and the RAP were correlated (r: -0.47, p: 0.01, df 1.25 : 6.98).
The multivariate analysis of the PERMANOVA pointed out that the internal area remained with the same quality in all the sampling periods (eutrophic and impacted). The median area showed the same quality (eutrophic and modified) in summer and post-summer periods (P: 0.85, p:0.40, df 1.10 : 10), differing from pre-period (p: 0.02 and p:0.04, respectively). While the quality of the external area was modified during all the sampling periods, which was the biggest difference between pre-summer and postsummer periods (P: 2.66, p: 0.01, df 1.10 : 10). The analysis was also developed amongst the sampling periods; in pre-summer all the areas were characterized as different (p: 0.001). While the internal and median areas were similar in summer (P: 1.59, p: 0.12, df 1.10 : 11) and post-summer (P: 1.53, p: 0.12, df 1.10 : 9), and both were different in the external area (p: 0.01).
The PC O A showed the main spatial and temporal tendencies observed in this study for the TRIX data (and its descriptors) and RAP (Figure 3 ). The PC O 1 (45.2%) and PC O 2 (27.2%) axes represented 72.4% of the data variability. The axis 1 pointed out a spatial tendency, i.e., samples of the external areas are placed in the positive portion of the axis, in opposition to the samples of the internal and median areas. The samples of the external area were related to the highest concentration of salinity and better condition of RAP. However, the internal and median areas were related to the AOU, the DIN and DIP concentrations and TRIX values, which characterizes the eutrophication and worse environmental quality. The axis 2 described the temporal tendency, with the samples of summer period in the positive portion of the axis, which were correlated to the chlorophyll-a, salinity, TRIX and DIP, whereas the RAP wasn't representative for this axis.
The results pointed out a worsening in the trophic index of the Papaquara river during summer and post-summer periods in the median and external areas, whereas there was no modification in the RAP among the periods considered. This implies caution in the usage of the RAP as a tool to point the water quality of a determinate segment of the river. Despite the increase of the environmental condition in the external area, according to the RAP, it was observed a worsening of its water quality in the periods of high population pressure. It is expected that the biggest entrance of nutrients in the internal area of the watershed of the Papaquara river is affecting not only exactly, but all the system. The PAR and TRIX relation was effective for all the study area, but not in the exact scale or in the areas analyzed. The PAR, modified in this study to be applied in a river of coastal plain, showed in part the characteristics of the river that aren't modified in the temporal scale, for example the sinuosity, whereas 50% of its analysis enabled the observation of the changes in the seasonal scale, as water transparency and presence of macrophytes. This protocol has been useful as a low cost tool for environmental managers. So, new researches are necessary to better suit this protocol in the interpretation of water quality in systems similar to the one analyzed in this study.
The low water quality of the Papaquara river showed visible worsening in summer and post-summer periods, showing the neglect of the government in the application of the resources made, which makes a high amount with the summer tourism, but hardly invests to increase the water quality in this region. It is highlighted that the tourists come because of the natural landscape and water is an important coefficient. It is the government and organizations of environmental protection's responsibility to plan and work together in order to avoid or minimize the environmental impacts in the watershed of the Papaquara river.
CONCLUSION
The Rapid Assessment Protocol (RAP) was efficient to characterize the estuary water quality, when compared to the Trophic Index (TRIX), in the scale of the river, but not in the point scale or in its stretch. The Papaquara river showed eutrophic conditions due to the impacts from the internal area, more urbanized, with the worsening of the water quality during summer period. This condition remained in the system even after the departure of the temporary population, which reflected in post-summer. The urbanization, the inefficient wastewater treatment system, the usage of the PPA and of the river as a solid waste disposal are the main causes of the changes in the natural conditions of the aquatic system.
